This empirical study investigates the causality between agriculture and economic growth in Thailand over the period of 1961 to 2009. A Granger causality approach and the Wald (χ 2 ) coefficient statistic are utilized to reveal a long-run causal relationship and impact transmission between the variables. Based on the time series analyses, a long-run relationship and size impact are detected running from agriculture to economic growth, and vice versa. These findings including with the generalized variance decomposition show that agriculture is existed in a long-term stable in economic growth while economic development encourages the growth of agriculture as a whole. As a conclusion, policy-makers should regard agriculture as an important supporter of Thai economy.
Introduction
In developing country, agriculture is steadily important and considered as a leading strategy of economic growth. Thailand in particular, has been regarded as agricultural country with the recognition of agriculture-oriented in economy since the booming of green revolution after the first of the National Thai Socio-Economic Development Plan in the 1960s. Almost 50 years, their policies have focused on the development aspect in agriculture because it plays as the image of an important sector in the growth of whole economy as well as domestic labor in terms of its contribution to employment generation. In other words, agriculture is like a primer engine to support the part of sub-economies whereby raw material input and workforce transformations. Thailand is the medium country belonging in the Southeast Asia, which is 513,115 square kilometers for the country size, and which 41 percent or 21, 196, 571 hectares is performed as an agricultural area (Ministry of Agriculture and Cooperatives, 2005) . Thailand is the top of the world leader in producing and exporting of agricultural productions such as rice, natural rubber, cassava, pineapple, fresh fruits, vegetables, cereals, sugar cane, orchids, black tiger prawns, chicken meat and fishery products (FAO, 2009 : Ministry of Foreign Affairs, 2010 . Because of this, Thailand was ranked fifth worldwide of the agricultural and food producing countries and 16th of the world's agriculture and food produce exporting countries in the last of the 2000s (Ministry of Foreign Affairs, 2010) . Statistical records in the end of 2009 present that agricultural sector generated a total revenue of 1,049,266 million baht, accounting for 11.60% of the overall gross domestic products (GDP), and reflecting an increase of 240.73% over the previous ten years or approximately 5,000% for the past fifty years, which are shown the trend in growth of agriculture and whole economy by Figure 1 (Office of the National Economic and Social Development Board (ONESDB), 2010). Therefore, agriculture is the economic engine that pushes the growth up over the past of 50 years in Thailand. Although the agriculture has significantly an important sector for Thai's economies as we mentioned earlier, but agricultural researchers have not paid much attention to the empirical assessment of contributions whether agriculture is led increasing in growth by economic development, or/and agriculture can lead to increase of economic growth as well. This study examines the causal effect relationship between agriculture and economic growth in Thailand by focusing on the Granger causality through Toda and Yamamoto (1995) approach. The remainders of this study are organized as follow: Next section presents the literature review and, then the data used and econometrics methodology are provided in Section 3, consisting of a unit root test for stationary of data time series, a Granger causality test for long-run causal relationship, a Wald (χ 2 ) coefficient statistic for impact transmission between agriculture and economic growth variables, and a generalized variance decomposition for the relative shock of exogenous and endogenous by forecasting for ten years forward. Afterwards, the empirical results are revealed in Section 4 for the econometrics testing. The conclusions and policy implications are stated in the final section.
Literature review
Arguments concerning the role of agriculture as the main determinants of economic growth are generally provided by trade aspect. Theoretical augments have supported the relationship between agriculture and economic growth that related to trade (exports and imports) as the study of Thornton (1996 Thornton ( , 1997 ) that found export-led economic growth in Italy, Norway, Sweden and Mexico by employing the Granger causality in terms of a vector error correction model (VECM). Likewise, Love and Chandra (2005) studied between trade and economic growth by using three time series analysis techniques, namely, unit root, co-integration and causality. The results revealed that India, Maldives and Nepal were export-led economic growth as well as they found the growth-led exports in the cases of Bangladesh and Bhutan. In Thailand was also supported the hypothesis of export-led economic growth by the study of Thungsuwan and Thompson (2003) and Vohra (2006) that presented a positive impact in short-term and long-term relationships of exports and economic growth. However, historical experiences have revealed that the developing countries, in particular Asian communities have derived their economic growth by the improvement of agriculture, starting with the study of Katircioglu (2006) that investigated the relationship between economic growth and agriculture in North Cyprus over the period of 1975 to 2002. The time series analysis was performed by using a vector autoregressive (VAR) system. The results indicated a long-run relationship running from economic growth to agriculture, and vice versa. To confirm the study of Katircioglu (2006) , Katircioglu (2004 Katircioglu ( -2005 examined the relationship between economic growth and agriculture including industry and service sectors over the period of 1977 to 2002. The findings were shown that agriculture in North Cyprus has stilled important for economic development in long-term, including with the other variables as well as economic growth can improve the development of agriculture. Tiffin and Irz (2006) also agreed that agriculture can lead in growth of gross domestic products, developing countries in particular, by using panel time series through unit root, co-integration, and Granger causality approaches from 85 counties. In addition, Konya and Singh (2009) studied the causal relationship between international trade and domestic product focused on Indian agricultural and manufacturing sectors, starting from the beginning of 1950 to the end of 2003. The research consisted of unit root, co-integration and Granger causality based on the vector error correction model (VECM). As the conclusion, this study confirmed that agriculture can support in economic growth of India's case. The focus in this study is on the causal relationship between agriculture and economic growth in Thailand by employing the Granger causality through Toda and Yamamoto (1995) which a long-run causal relationship can be identified without requiring the pre-testing of co-integration as the above literatures. While the following hypotheses are considered in order to verify a long-term stable in the case of Thailand. Hypothesis 1: Agriculture leads to an increase of the economic growth in forms of the long-term stable for the case of Thailand (Hypothesis: uni-directional relationship; agriculture-led economic growth). Hypothesis 2: Economic growth leads to an increase in the growth of agriculture in forms of the long-term stable for the case of Thailand (Hypothesis: uni-directional relationship; economic growth-led growth in agriculture). Hypothesis 3: An increase in the growth of agriculture and economic growth are a causal effect in each other in forms of the long-term stable for the case of Thailand (Hypothesis: bi-directional relationship between the two variables).
Econometric methodology
Annual data are obtained from the Office of the National Economic and Social Development Board of Thailand (ONESDB) starting from 1961 to 2009 throughout the period of the National Thai Socio-Economic Development Plan. The variables are presented by 1) the value of gross domestic product of agriculture (AGRI) which utilizes as the proxy for agriculture variable, and 2) the total value of gross domestic products (GDP) which utilizes as the proxy for economic growth variable. Both of two time series are in terms of the current market price, and the trend of growth for agriculture and whole economy are plotted in the Figure 1 . The time series analysis is employed in this article which can be separated into five steps. First is unit root, when the time series are estimated the relationship as an autoregressive (AR) system using ordinary least squares (OLS), the benefit of its outcomes will be invalid of higher (R 2 ) and t-statistic values, if the stochastic is relied to be the process of non-stationary with no economic denotation (Granger and Newbold, 1974) . The non-stationary means that the mean and variance of the time series are unstable throughout the period of the time and the auto-covariance is varying by the time change (Enders, 2004) . As these concerning, the Augmented Dickey-Fuller (ADF) is utilized to indicate the properties of time series Fuller, 1979, 1981) by using the models in Eqs. (1-3) as follow: Firstly, the general unit root model is considered without constant and time trend effect.
Secondly, the general unit root model is included with constant only.
Thirdly, the general unit root model is completed with constant and time trend effect.
where Δ is the different order, Y t is the observation (time series), α is the constant term, T is the time trend effect, p is the optimal lag value which is selected based on the lowest value of Schwartz information criterion (SIC), and ε t is the error term. The second step is the Granger causally through Toda and Yamamoto (1995) approach by applying a vector autoregressive (VAR) model with lag (k + d max ). As the alternative Granger causality test, when the process is considered for a long-run causal relationship, and that the time series should contain unit root, stationary at the same order of its integration, and then co-integrated (Engle and Granger, 1987; Granger 1988) . However, the procedure by Toda and Yamamoto (1995) has been found superior accuracy in any potential of non-stationary and co-integration between the time series before testing for the causality. Therefore, this procedure is utilized to present the direction of a long-run causal relationship between agriculture and economic growth which can be expressed by following a bi-variate regressive model:
where d max is the maximum of lag order of integration, k is the VAR lag selection which is based on the sequential modified log likelihood (LR) and the final prediction error (FPE) statistics, and u t is the white noise. The null hypothesis of 3i and 3i equals to zero. However, Eqs. (4) and (5) employ the Wald (χ 2 ) statistic that is performed on the k parameters. The VAR with lag (k + d max ) system is conducted whereby an asymptotic Chi-square distribution with k degrees of freedom (χ 2 (k)). The explanation of Granger causality as Toda and Yamamoto (1995) can say that if a time series GDP is a causal for time series AGRI, and if the past of GDP (GDP t-1 , GDP t-2 , GDP t-3 …, GDP t-k ) can support to predict of AGRI (AGRI t ) with greater accuracy. In other words, GDP is a causal effect of AGRI in a long-term stable, whereas, if a time series AGRI is a causal for time series GDP, and if the past of AGRI (AGRI t-1 , AGRI t-2 , AGRI t-3 …, AGRI t-k ) can support to predict of GDP (GDP t ) with greater accuracy. In other words, AGRI is also a causal effect of GDP in a long-term stable. As the result, the Granger causality can identify an existence of a long-run relationship. Next step, the Wald (χ 2 ) coefficient statistic is employed to reveal the size impact of its relationship as the study of Johansen and Juselius (1994) and Apergis and Rezitis (2003) which estimated the impact transmission of the causal relationship between the variables. Furthermore, the result from this technique can measure the size of impact between agriculture and economic growth when the rate of change rises(falls) by one percent in agriculture or/and economic growth. To reach beyond the above tests that limit in the sample period, the last step is the forecast of error variance decomposition for ten years forward prediction by using the technique of Pesaran and Shin (1998) . The generalized variance decomposition can measure the relative shock proportions of exogenous and endogenous whereby n-step forecasting ahead of error variance (ε). The generalized forecast error variance decomposition (Θ) can be expressed as follows:
where M is the m×m coefficient metrics, n = 0, 1, 2,…, 10, and e j is the white noise.
In this study, the generalized variance decomposition is utilized to predict the risk of shock by using the error variance from Eqs. (4)- (5) systems. The approach points out to the proportion of the error variance which can be explained by the changes in another variable. And, also the findings can be identifying the future shock in agriculture and economic growth systems that how each variable responses to the shocks in the other variable.
Empirical results
The study is accomplished by using four time series analyses, namely, unit root, Granger causality, Wald (χ 2 ) coefficient statistic, and generalized variance decomposition tests. The results from the diagnoses can answer three concerned questions: 1) what is the causal effect relationship between agriculture and economic growth variables in Thailand, 2) if (1) exists, what is the size impact of its transmitted relationship, and 3) how the shock effects to the future momentum in the ten years forwards. Before performing, it should be indicated the properties of time series. The unit root is widely used presenting for stationary of time series which this study utilizes whereby the ADF unit root.
The results of unit root are listed in Table 1 , the ADF unit root tests has been conducted by the most general model with a constant and time trend effect ADF(τ T+α ), with a constant and without time trend effect ADF(τ T ), and without a constant and time trend effect ADF(τ). The null hypothesis of the unit root is non-stationary in each individual time series. The results of the ADF unit root tests in Table 1 show that the time series are found non-stationary in level and at the first difference, except AGRI series that appears to be stationary at the first difference when the model includes a constant and time trend effect in testing. After performing the second difference, all of the variables are found to be stationary. Therefore, the results of the unit root in Table 1 indicate that the integration orders of all variables do not appear to be exceeding order 2, which can be identified d max as an order 2. It can be concluded that d max is an order 2.
In addition, based on the VAR lag order (k) selection criteria of sequential modified log likelihood (LR) and the final prediction error (FPE) test statistics, the lag order of 14 is the lowest value of the optimal lag selection.
After we perform the Granger causality by applying the VAR model with lag (14 + 2), the results in Table 2 show that a long-run causal effect is detected in bi-directional relationship running from agriculture (AGRI) to economic growth (GDP), and vice versa with statistical significance at 5% level. The findings reveal that agriculture is a causal effect to economic growth and also economic growth is a causal effect to agriculture, both in long-run relationship. Therefore, increasing in the growth of both agriculture and economic growth are a causal effect in the long-term stable of each other for the case of Thailand, which confirms for the hypothesis of (3).
Once a bi-direction of the long-run causal relationship has been found in Table 2 , then the Wald (χ 2 ) coefficient statistic is employed to measure for a size impact that transmits between these two variables.
The results of the Wald (χ 2 ) coefficient statistic in Table 3 are presented the impact transmission between agriculture and economic growth variables. The findings show that if the rate of change in agriculture rises(falls) by 1 percent then the rate of change in economic growth will increase(decrease) by 0.142 percent, whereas, if the rate of change in economic growth rises(falls) by 1 percent then the rate of change in agriculture will increase(decrease) by 1.535 percent. The results of the estimated size impact are shown a positive transmitted relationship in two-way directional relationship between agriculture and economic growth variables. As the findings of Table 4 , the generalized variance decomposition results are consistent with the Wald (χ 2 ) coefficient statistic tests that economic growth is a main significant effect on agriculture when the tenth year is forecasted reflecting 94% of the shock proportion in agriculture system. This result also presents that agriculture can sustain on significant of its own shock when eighth year is forecasted and then economic growth becomes a large significant shock proportion starting from the ninth year. Turning to economic system, economic growth is a large effect shock reflecting over 90% of the shock proportion in its own system for the time forecasting, except the third year that is approximately 87% of the shock proportion.
Conclusions and policy implications
Agriculture has been regarded as a key sector in economic growth in Thailand throughout its history. This study employs the time series techniques to analyze the causal relationship and size impact transmission between agriculture and economic growth in Thailand over the period of 1961 to 2009. A bi-variate vector autoregressive (VAR) system including the tests of four diagnoses, namely, the unit root, the Granger causality, the Wald (χ 2 ) coefficient statistic, and the generalized variance decomposition is utilized to answer the purpose of our questions. As the results, a long-term stable is detected in bi-directional relationship running from agriculture to economic growth and from economic growth to agriculture. Also, economic growth is a key factor for increasing in growth of agriculture significantly. In the conclusion, this empirical study reveals that agriculture in Thailand seems to be a successful sector in terms of their macro-policy and its implication throughout the period of the National Thai Socio-Economic Development Plan. In particular, therefore, policy-makers should pay more attention to the micro-scale unit for Thai farmers and also overseas agribusiness in forms of the benefit equivalence to agricultural societies. The Wald (χ 2 ) coefficient tests the null hypothesis that the impact equals to zero (Kmenta, 1986) . Note: The size impact based on the existences of a bi-direction of the long-run causal relationship from Table 2 . 1965 1970 1975 1980 1985 1990 1995 2000 2005 AGRI 0 2,000,000 4,000,000 6,000,000 8,000,000 10, 000,000 1965 1970 1975 1980 1985 1990 1995 2000 2005 GDP Figure 1 . The time trend of AGRI and GDP covering 1961-2009 
